The abundant Sundaland forest frog, Rana chalconota, has long been considered a single widespread species, although some authors have recommended its division into regional subspecies. The discovery of co-occurring pairs of morphologically distinct populations in three widely separated parts of the range led to a morphological and molecular analysis of populations from all parts of the known range. The results suggest that R. chalconota consists of at least seven species from Thailand through Borneo and Java. Existing names are applied to three of these species, R. chalconota (Schlegel), R. raniceps (Peters) and R. labialis Boulenger. We describe four others as new species and suggest the existence of one or two additional, unnamed species. © 2009 The Linnean Society of London, Zoological Journal of the Linnean Society, 2009, 155, 123-147. ADDITIONAL KEYWORDS: cryptic species -new species -Sundaland -taxonomy.
INTRODUCTION
Interest in the systematics of widely distributed Sundaland frogs usually assigned to the genus Rana has been generated in two contexts. One is their confused taxonomy. The phylogenetic relationships among these species are still unresolved and constitute a basic cause of taxonomic confusion. Dubois (1992) attempted a classification of the Ranidae and placed two of these widespread (occurring at least in Borneo, Sumatra and Peninsular Malaysia) species, Rana chalconota (Schlegel) and R. hosii Boulenger, in his newly created subgenus Chalcorana. Matsui et al. (2005) found Chalcorana not to be monophyletic and placed R. hosii in the genus Odorrana, a decision agreed upon by Cai et al. (2007) . Dubois (1992) assigned the remainder of these species of Rana to his newly defined subgenus Pulchrana. Pulchrana, along with other of Dubois' (1992) subgenera, was established in the absence of knowledge of its phylogenetic relationships (Inger, 1996) and Matsui et al. (2005) failed to find convincing support for the relationships among these taxa. Frost et al. (2006) placed chalconota in the genus Hydrophylax. That decision has a serious weakness, because they did not study the type species, malabarica. Given the uncertain phylogenetic status of the subgenera proposed by Dubois (1992) , and doubts about application of the name Hydrophylax, we continue to use the generic name Rana for this group of species.
The second context for an interest in these widely distributed Sundaland frogs is the recent recognition (e.g. Brown & Guttman, 2002; Bain et al., 2003; Stuart, Inger & Voris, 2006 ) that many of the nominal species of the entire Southeast Asian region are in fact clusters of similar species. This is the focus of our study. Our present study of one of these species, Rana chalconota (Schlegel) , was initiated because two distinct, co-occurring morphotypes, both fitting general descriptions of R. chalconota in the literature (e.g. van Kampen, 1923) , were discovered in the Padang area (0°53′S/100°28′E) of West Sumatra (Inger & Iskandar, 2005) . These morphotypes differed sharply in size and in coloration of the webbing. We then encountered two forms, differing sharply in size, in a sample collected 40 years ago at Labang Forest Reserve (3°21′N/113°27′E) in Sarawak, Borneo. A molecular phylogenetic analysis (Stuart et al., 2006) has shown that the members of these two sets of sympatric pairs are not each other's sister lineages and that there is also a pair of sympatric lineages in Peninsular Malaysia.
Rana chalconota (in the broad sense) is a Sundaland frog that breeds along streams of various sizes in lowland forests of various types, from hilly (but lowland) primary rain forest to swamp forest to secondary forest. It can be seen in low numbers during most nocturnal riparian searches, but exhibits pulses of breeding activity during which many individuals can be seen within a very narrow strip of stream bank (Inger, 1969) . Rana chalconota is a slender, small to moderate-sized species (adults 30-60 mm snout-vent length). The tips of the digits, especially of the fingers, are distinctly enlarged and have circummarginal grooves. The webbing is extensive, reaching the distal subarticular tubercle of the fourth toe or slightly beyond. The general coloration is green above and white or cream-coloured below and the upper lip is usually distinctly lighter than the adjacent areas.
Described originally from Java, Rana chalconota is now reported from southern Thailand to Java, including Borneo and Sumatra (Iskandar & Colijn, 2000) . References to this species in Sulawesi (e.g. van Kampen, 1923) almost certainly apply to R. mocquardii Werner (Iskandar & Colijn, 2000) . Three names have been used for various Sundaland populations of this group: Rana chalconota (Schlegel) , type locality Java; Rana raniceps (Peters) , type locality Sarawak; and Rana labialis Boulenger, type locality Malacca, Peninsular Malaysia. Although originally Boulenger (1887) described R. labialis as a full species, he later (1920) placed it in the synonymy of R. chalconota (Schlegel) . van Kampen (1923) , however, maintained R. labialis as a valid species, although in a letter to Smith (1930) he changed his opinion. Smith (1930) also treated R. labialis as a synonym of R. chalconota. van Kampen (1923) placed Polypedates raniceps Peters under the heading of Rana labialis with a question mark. After examining several of the types of R. raniceps and R. labialis, Inger (1966) considered them to be indistinguishable and applied the name Rana chalconota raniceps (Peters) to the Bornean frogs that had been referred to R. chalconota and R. labialis by Boulenger (1920) and van Kampen (1923) , respectively. Dubois (1992) elevated R. raniceps to full species status, without accompanying justification. Iskandar (1998) also used the name Rana chalconota raniceps, suggesting that the form occurred in Sumatra and Sulawesi, as well as in Borneo. Iskandar & Colijn (2000) treated R. raniceps as a full species, noting that its distinction from R. chalconota needed confirmation.
We have obtained specimens (and associated tissues) of chalconota-like frogs from southern, peninsular Thailand and have been able to borrow additional specimens and tissue samples from peninsular Malaysia, Sumatra and Java and two tissues from Sulawesi. This material and specimens collected in the past from many localities in Borneo have enabled us to address several questions. How many distinct morphotypes of R. chalconota exist across the geographical range from Thailand to Java? Is there genetic support for these morphotypes? How are the various morphotypes related?
We have applied both morphological and molecular genetic data to an analysis of variation in these frogs. The molecular analysis reveals multiple, deeply divergent mitochondrial lineages that have a complex geographical pattern. The morphological part of the analysis is less clear, perhaps not surprisingly as all of these populations have been called Rana chalconota by a number of authors because of their general similarity. We have adopted a conservative operational criterion of recognizing as species those lineages that are diagnosable in more than one independent data set, in this case both morphology and mitochondrial DNA. Those lineages that are diagnosable in only one of these data sets are not designated as separate species in this study. Our argument for recognizing multiple species within Rana chalconota (in the broad sense) is strengthened by the finding that at three localities, two deeply divergent, phylogenetically unrelated mitochondrial lineages were found in sympatry and that, in the two of these cases in which we had reasonable sample sizes (i.e. N > 3), there are clear morphological criteria.
MATERIAL AND METHODS

SAMPLING
Voucher specimens (see species accounts below) and tissue samples (N = 131 individuals; Appendix) from a total of 42 localities across the ranges of the R. chalconota species complex (Fig. 1) were included inhead width (HW) measured at the rear of the head, head length (HL) from the rear of the jaws to the tip of the snout, horizontal diameter of tympanum (TYM) and width of the disc of the third finger (DF3). The last five measurements were converted into ratios of SVL. All measurements except the width of the finger disc were taken with a dial caliper graduated to 0.1 mm; the width of the finger disc was measured with an ocular micrometer at ¥12 magnification. For consistency, measurements were taken only by the senior author. SYSTAT9 was used for statistical analyses. Two qualitative characters that could be seen in preserved specimens were also used: black spots on the back (present or absent) and shape of the nuptial pad in males (constricted medially or not).
MOLECULAR DATA
Total genomic DNA was extracted from tissues using PureGene Animal Tissue DNA Isolation Protocol (Gentra Systems, Inc.). A fragment of mitochondrial (mt) DNA that encodes part of the cytochrome oxidase c subunit III gene, the complete tRNA glycine, the complete NADH dehydrogenase subunit 3 gene, and part of the tRNA arginine were amplified by PCR (94°C, 45 s; 49°C, 30 s; 72°C 1 min) for 35 cycles using the primer pairs L-COXIII/Arg-HND3III (Stuart et al., 2006) and either L-COXIIIext (5′-TACCAATGATGACGAGACGT-3′)/H-GlyND3 (5′-AAG AAAATATGAGCCTCATCA-3′) or L-COXIII5′ (5′-CAAGCTCACGCTTTCCACATAGT-3′)/H-GlyND3. A fragment of mitochondrial DNA that encodes part of the 16S rRNA gene was amplified by PCR (94°C, 45 s; 60°C, 30 s; 72°C 1 min) for 35 cycles using the primer pair L-16SRanaIII/H-16SRanaIII (Stuart et al., 2006) . PCR products were electrophoresed in a 1% low-melt agarose TALE gel stained with ethidium bromide and visualized under ultraviolet light. The bands containing DNA were excised and agarose was digested from bands using GELase (Epicentre Technologies). PCR products were sequenced in both directions by direct double strand cycle sequencing using Big Dye version 3 chemistry (Perkin Elmer) and the amplifying primers. Cycle sequencing products were precipitated with ethanol, 3 M sodium acetate, and 125 mM EDTA, and sequenced with a 3730 DNA Analyzer (ABI). Sequences were edited and aligned using Sequencher v. 4.1 (Genecodes). The aligned dataset contained 1635 mtDNA characters, consisting of 942 protein-coding, 615 rRNA and 78 tRNA characters. Sequences were deposited in GenBank under accession numbers DQ650353-650391, DQ650393-650431 and EF487354-487531 (Appendix).
Phylogenies were reconstructed using the maximum parsimony optimality criterion and mixedmodel Bayesian inference. Identical haplotypes were removed from the alignment to facilitate phylogenetic computation. Rana erythraea and R. nigrovittata were used as outgroups following Frost et al. (2006) .
Maximum parsimony analysis was performed using PAUP* 4.0b10 (Swofford, 2002) . A heuristic search was performed with equal weighting of nucleotide Figure 1 . Map illustrating the provenance of specimens and tissues of the Rana chalconota species group used in this study. Squares represent specimens only, and circles represent both tissues and specimens.
substitutions, stepwise addition with 10 000 random addition replicates and TBR branch swapping. Nodal support was evaluated with 1000 non-parametric bootstrap pseudoreplications (Felsenstein, 1985) using the heuristic search option with TBR branch swapping limited to 10 000 000 rearrangements per replicate.
Mixed-model Bayesian analysis was performed using MrBayes 3.1 (Ronquist & Huelsenbeck, 2003) . The data were separated into first codon position, second codon position, third codon position, rRNA and tRNA data partitions. The model of sequence evolution that best described each of these five data partitions was inferred using the Akaike Information Criterion as implemented in Modeltest 3.7 (Posada & Crandall, 1998) . The models selected were SYM + I + G for the first codon position partition, TVM + I + G for the second codon position partition, GTR + G for the third codon position partition, GTR + I + G for the rRNA partition and HKY + G for the tRNA partition. The SYM and TVM models are not implemented in MrBayes 3.1, and so the next more complex model available in the program (GTR) was used for those partitions. Four independent Bayesian analyses were performed. In each analysis, four chains were run for 10 000 000 generations using the default priors, trees were sampled every 2000 generations and the first 25% of trees were discarded as 'burn-in.' A 50% majority rule consensus of the sampled trees was constructed to calculate the posterior probabilities of the tree nodes.
RESULTS
MORPHOLOGY
SVL and all body proportions except HL/SVL showed statistically significant variation among locality samples (Table 1) .
As recognition of the existence of co-occurring morphotypes at one locality in Sumatra and one in Sarawak was initially based on SVL, that character and geography were used to define provisional morphotypes: Borneo Large, Borneo Small, Java, Padang (West Sumatra) Large, Padang (West Sumatra) Small, Peninsular Malaysia and Thailand. Statistically significant differences among these seven in SVL and body proportions were pervasive (Tables 2 and 3) , although the inter-taxa ranges of variation were not great except in SVL.
Frequency of frogs with black dorsal spots varied greatly from sample to sample. For example, all but two of 66 frogs from the area of Padang, West Sumatra, had black spots, whereas none of 39 from southern Thailand did. In a sample of 20 from Danum, Sabah (Borneo), half had black dorsal spots and half did not. For the seven provisional morphotypes, the distribution (number with spots present/ absent) was as follows: Borneo Large 31/151, Borneo Small 7/34, Padang Small 50/2, Padang Large 14/0, Peninsular Malaysia 26/14, Thailand 0/39, Java 11/13.
Frequency of constriction of the medial margin of the nuptial pad also varied in a complicated manner. For example, all males (N = 9) from Danum, Sabah, had constricted nuptial pads, whereas half of males (N = 12) from Mendolong, Sabah, did, and none of those (N = 20) from Padang, Sumatra did. For the seven provisional morphotypes, the frequency of constricted nuptial pads (given as constricted/nonconstricted) was: Borneo Large 59/42, Borneo Small 10/1, Padang Small 0/13, Padang Large 0/7, Peninsular Malaysia 17/1, Thailand 19/3, Java 0/21.
MOLECULES
Sixty-three unique haplotypes were retained after pruning identical haplotypes from the alignment. Of the 1635 characters, 686 were variable and 589 were parsimony-informative. Uncorrected pairwise sequence divergences within the ingroup ranged from 0 to 19.36% (Table 4) .
The heuristic search in the maximum parsimony analysis recovered 452 equally most parsimonious trees (L = 1927; CI = 0.503; RI = 0.813) and strict consensus showed that these trees differed only by the arrangement of individuals within clades.
The standard deviation of split frequencies among the four Bayesian runs was 0.003838, and trace plots of clade probabilities viewed using AWTY (Wilgenbusch, Warren & Swofford, 2004) were relatively stationary. These two measures suggest that the four runs had sufficiently converged and that topologies were sampled in proportion to their true posterior probability distribution. Ten major mitochondrial lineages were recovered, each supported with Bayesian posterior probabilities of 1.00 and bootstrap values Ն 99 (Fig. 2) . A lineage from Sulawesi (R. mocquardii) is the most basal member of the R. chalconota species complex. The remaining members of the R. chalconota species complex contain two major clades (A and B in Fig. 2 (Table 4) . Uncorrected pairwise sequence divergences were relatively high between co-occurring lineages in Peninsular Malaysia (11.59-11.78%), West Sumatra (14.75-14.93%) and Borneo (13.11-13.97%; Tables 4 and 5).
The parsimony and Bayesian topologies differ only by relationships among the Padang Small, Thailand, and Peninsular Malaysia C and D clades (Fig. 2) . The parsimony analysis resolves these clades as Peninsular Malaysia D [Peninsular Malaysia C (Thailand + Padang Small)], but without bootstrap support. The Bayesian analysis does not resolve relationships among these four clades (Fig. 2) .
RELATIONSHIP BETWEEN MORPHOLOGICAL VARIATION AND MOLECULAR VARIATION
The molecular data corroborate the recognition of morphotypes Borneo Large, Borneo Small, Padang Fig. 2 ), one of which is phylogenetically unrelated to the other two. The taxonomic implications of that division are dealt with below. The molecular phylogenetic analysis does not group lineages with large body sizes and lineages with small body sizes; rather, both large and small body sizes are represented within both of the two major clades (A and B in Fig. 2) .
Comparisons of the remaining clades (Fig. 2 ) revealed consistent significant differences in SVL (ANOVA P < 0.001 for both sexes), with 36 of the 42 possible pair-wise inter-clade comparisons showing statistically significant (P Յ 0.04) differences (Table 6 ). The only exceptions involved females of clades Padang Large and Java, males of Borneo Large and Java, males of Padang Small and Thailand, and males of Padang Small and Borneo Small. The only other mensural character that showed frequent interclade differences was TYM/SVL, with half of the pair-wise comparisons showing significant differences (P Յ 0.04). Clades Padang Small, Thailand and Padang Large showed the most frequent differences from other clades in pairwise comparisons.
The qualitative characters also showed frequent inter-clade differences. All except two individuals of Padang Small and Padang Large had black spots on the back, whereas none of the frogs in Thailand was spotted. None of the males of clades Padang Small, Padang Large and Java had constricted or divided nuptial pads, whereas all males of Thailand and all but one of Borneo Small did.
Among the co-occurring clades, Padang Small and Padang Large differ greatly in size, coloration of the web, in relative size of the tympanum and in relative size of the disc of the third finger. Clades Borneo Large and Borneo Small differ in size and, where they co-occur in Sarawak, they differ in frequency of constricted nuptial pads.
SPECIES ACCOUNTS
Species concepts and the criteria used to implement them are contentious and widely debated in the literature (e.g. de Queiroz, 1998; Wheeler & Meier, 2000) . As noted above (Introduction) we have adopted a conservative operational criterion of recognizing as species those lineages that are diagnosable on the basis of both morphology and mitochondrial DNA. Those lineages that are diagnosable on the basis of only one of these data sets are not designated as species in this study. We note that the sympatric occurrences of morphologically distinct, genetically divergent mitochondrial lineages at localities in Peninsular Malaysia, West Sumatra and Borneo lend strong support for these hypotheses. Genetic distances are provided as heuristic measures of evolutionary isolation, but are not used as criteria for recognizing species. In this section morphological data apply only to adults, i.e. all females with convoluted oviducts and all males with nuptial pads.
RANA CHALCONOTA (SCHLEGEL, 1837) (Previously referred to as Java morphotype)
Hyla chalconotus Schlegel, 1837: 24 -Java. Boulenger, 1882: 66 (part) ; Boulenger, 1920: 201 (part); van Kampen, 1923: 217 (part) ; Iskandar, 1998: 66; Iskandar & Colijn, 2000: 86 (part) .; Stuart et al., 2006: 473. "Java" (3) "Java" (4) "Java" (5) "Java" (6) "Borneo Small" (122-123) "Borneo Small" (115-121) "Borneo Small" (124) "Sulawesi" (103) "Sulawesi" (104) Rana parvaccola sp. nov. West Sumatra Rana (Chalcorana) chalconota Dubois, 1992: 328.
Rana chalconota
Rana labialis
Polypedates junghuhnii Bleeker, 1856 -Java.
The likely types are RMNH 4264, 5364 ('Java'). These are the only specimens collected early enough to have been sent to Schlegel by S. Müller. SVL of these types are: females 64.8, 67.7 mm, males 43.6-49.8 (N = 3). 
Other specimens examined
Descriptive notes
Head triangular; snout slightly projecting; tympanum slightly depressed relative to surface of temporal region; pineal body faintly visible, slightly anterior to or in line with front corners of upper eyelids; dorsolateral fold narrow; skin of back granular in females, with many fine spinules in males; crossbars on hind limb visible in about half of preserved individuals; rear of thigh brown with obscure, rounded light markings.
Comparisons
Rana chalconota is one of the two largest members of this species complex (Table 2 ). Both sexes of this Javan species are larger (SVL) than the continental forms and the small species from Padang, Sumatra (parvaccola, see below). Females of chalconota are also larger than those of raniceps and of megalonesa (see below) from Borneo ( (Boulenger) in the presence, only in the R. chalconota group, of a distinct outer metatarsal tubercle. In all members of the R. chalconota group, the tips of the fingers are much enlarged and that of the third finger is equal to half (males) or almost two-thirds (females) the diameter of the tympanum. In contrast, the tip of the third finger is equal to or less than one-third the diameter of the tympanum in Rana baramica, R. cubitalis, R. glandulosa, R. luctuosa, R. miopus and R. nigrovittata.
RANA LABIALIS BOULENGER (Previously referred to as Peninsular Malaysia morphotype)
Rana labialis Boulenger, 1887: 345 -Malacca; van Kampen, 1923: 220; Stuart et al., 2006: 473. Rana chalconota (part) Boulenger, 1920: 201; Smith, 1930: 109.
Rana chalconota raniceps (part) Inger, 1966: 177.
The type locality of this taxon is Malacca, Peninsular Malaysia. Boulenger (1887) stated that the types of labialis had dark spots dorsally, illustrated in his plate X, fig. 1 , and that males had no humeral glands. Boulenger (1920) gave the SVL range of three male syntypes as 34-36 mm and that of three female syntypes as 42-49 mm. We have examined the type series and have detected weak humeral glands in the The relationships and specific assignments of frogs from Peninsular Malaysia are not clear. The continental populations (Thailand and Peninsular Malaysia) of the chalconota-like frogs clearly exhibit a great deal of genetic structure. The molecular phylogenetic analysis (Fig. 2) shows three distinct, genetically divergent clades (maximum uncorrected pairwise sequence divergence of 11.90%; Table 5 ) from Peninsular Malaysia, one of which is phylogenetically unrelated to the other two (Fig. 2) . We attempted to amplify historical mtDNA from the lectotype of labialis following the extraction protocol of Stuart et al. (2006) , but did not succeed. Consequently, assigning any of these clades to labialis must at this point depend on morphological data alone.
The Peninsular Malaysian specimens (and tissues) are from three localities: Gunung Jerai (about 450 km from the type locality of labialis), Penang Island (about 410 km) and Selangor (about 125 km). Five specimens from Penang Island and three from Gunung Jerai, in northern Peninsular Malaysia, constitute a clade ('cf. labialis'; Fig. 2 ), ten from Selangor ('labialis'; Fig. 2 ) constitute another and four more from Gn. Jerai form the third, distantly related clade ('unnamed lineage'; Fig. 2) . We have examined an additional 22 long-preserved specimens from Selangor without associated tissues. All Selangor specimens resemble the lectotype and the other type specimens of labialis in the prevalence of dorsal spotting; all of the types have the dorsal spots and 25 of the 32 from Selangor are also spotted. The Selangor frogs also agree with types in size and body proportions (Table 7) , but differ from frogs from nearby southern Thailand (Table 8) . We assign these Selangor frogs to the species labialis.
Taxonomic assignment of the 'cf. labialis' Malaysian frogs is not certain. They differ from the types of labialis and the Selangor frogs we assign to that species in dorsal spotting; only one of seven 'cf. labialis' frogs is spotted. Males of this clade have slightly wider heads (median 0.323 of SVL) than males from Selangor (median 0.296); the two arrays differ significantly (Mann-Whitney test; P < 0.02). Yet the morphological differences between these two Malaysian clades are not as great as the differences between sympatric pairs of species, e.g. raniceps and megalonesa in Borneo (see below) and parvacola and rufipes in Sumatra (see below). We believe that further sampling in Peninsular Malaysia is needed before the status of the northern Malaysian frogs can be resolved. Treating them now as conspecific with labialis would render that species paraphyletic (Fig. 2) . We have had only two vouchers of the clade 'unnamed lineage', and these are phylogenetically unrelated to other frogs from Peninsular Malaysia (Fig. 2) . The small sample size precludes identification of morphological distinctions. Consequently, despite the phylogenetic divergence of these two frogs, we believe it is premature to designate them formally as a species at this time. More specimens (with associated tissues) are needed from the northern portions of Peninsular Malaysia in order to evaluate the status of this clade. What is clear at this point is that there are three divergent mitochondrial lineages of this complex in Peninsular Malaysia. BMNH 1947.2.3 .40: Adult female. Habitus slender, head as wide as trunk; legs long and slender. Head narrow, triangular; snout pointed, longer than eye diameter, slightly depressed dorsally near tip, projecting beyond lower jaw; nostril on side of snout, much closer to tip of snout than to eye; canthus sharply angular, not constricted; lores slightly sloping, concave; interorbital wider than upper eyelid and wider than internarial; tympanum distinct, diameter 2/5 diameter of eye; vomerine teeth in short, oblique groups between choanae, distance between groups subequal to distance from choanae but less than length of one group. 
Description of lectotype
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Fingers long, slender, third finger slightly longer than snout; fingers without webbing, but a narrow dermal fringe along medial edge of three outer fingers; tips of fingers expanded into distinct discs, that of first finger much narrower than that of second, disc of third finger slightly greater than half diameter of tympanum, discs of all with horizontal, circummarginal grooves; relative finger lengths 3 > 4 > 2 > 1; subarticular tubercles elevated; a supernumerary tubercle at base of three outer fingers. Tips of toes expanded into discs with circummarginal grooves, discs not as wide as those of two outer fingers; webbing extensive, reaching base of discs on outer margins of first three toes and on inner margin of fifth toe; fourth toe fully webbed to distal subarticular tubercle, with narrow fringe extending to base of disc; a narrow dermal ridge along outer margin of fifth toe; inner metatarsal tubercle oval, length about half its distance to subarticular tubercle of first toe; a distinct, round outer metatarsal tubercle.
Skin of back granular, densely covered with low, round tubercles; an indistinct dorsolateral fold continued forward to eye as supratympanic fold; sides tubercular, rugose; throat, chest and anterior half of abdomen smooth, rear of abdomen rugose; a low rictal gland below tympanum, separated from a second smaller post-rictal gland.
Colour in preservative of back brown, darker on sides; back with many small, round black spots; upper lip and rictal glands chalky white; venter creamcoloured, chin, chest and anterior portion of abdomen marked with brown spots; dorsal surfaces of limbs brown, with dark crossbars; posterior surface of thigh brown with indistinct light areas; ventral surfaces of thigh and calf cream-coloured, heavily spotted with dark brown.
Measurements (mm) of lectotype: SVL 48.8, T 28.4, HW 14.9, HL 18.4, snout 8.8, eye diameter 6.1, tympanum 3.6, width of disc third finger 2.2.
In specimens from Selangor the pineal body is faintly visible roughly in line with the anterior corners of the upper eyelid; we failed to note this character in the lectotype. In males from Selangor the granules of the skin on the back bear fine spinules. The hind limb of most frogs from Selangor have distinct dark crossbars. 143798-99, 143801, 143806, 143813, 143819, 143825, 143827, 143832, 143834, 143838, 143851, 143863, 143867, 143869, 143875, 143879, 143883-4, 186317 
Material examined
Description
Habitus slender, head slightly wider than trunk, legs long. Head triangular; snout obtusely pointed, rounded in profile, projecting beyond lower jaw, longer than diameter of eye; nostril lateral, very close to tip of snout; canthus angular, not constricted; lores concave, vertical; interobital wider than upper eyelid and internarial; tympanum distinct, about two-thirds eye diameter in females, slightly larger in males, inside its rim the tympanum is slightly depressed relative to the surface of the temporal region; vomerine teeth in oblique groups, gap between groups less than length of one group and equal to distance from choana.
Fingers long, third finger longer than snout; fingers without webbing; second and third fingers with narrow, movable fold of skin along medial margins; tips of three outer fingers with wide discs, that of third finger almost equal diameter of tympanum in female; disc of first finger much narrow than that of second; all discs with circummarginal grooves; subarticular tubercles conspicuous; third finger with two small supernumerary tubercles, bases of second and fourth fingers with a single supernumerary tubercle. Tips of toes expanded into discs smaller than those of outer fingers, but with circummarginal grooves; webbing extensive, reaching discs of first three toes on lateral margins and disc of fifth toe medially; fourth toe webbed to distal subarticular tubercle medially and slightly beyond that laterally; no dermal ridge along outer margins of first and fifth toes; a low oval inner metatarsal tubercle and a round outer one.
Skin of back granular, in males granules weakly spinose; dorsolateral fold distinct, low; ventral surfaces smooth, except weakly rugose at rear of abdomen; rictal glands present.
Colour in preservative dark brown dorsally and laterally; no black spots on dorsal surfaces; ventral surfaces cream-coloured or white; in some individuals throat with round dark spots; limbs without dark crossbars; rear of thigh dark brown with indistinct lighter round areas.
Measurements (mm) of holotype: SVL 55.6, T 31.0, HW 16.0, HL 19.8, TYM 4.6, DF3 3.2.
Variation
Adult females 42.8-56.6 mm, mean 47.57 ± 0.96 mm (N = 17), males 30.6-39.6 mm, mean 34.14 ± 0.39 mm (N = 22). Variation in body proportions given in Table 8 . Relative tympanum diameter in females 0.077-0.095, in males 0.096-0.127. The sexes do not differ in relative head width; HW/SVL in females 0.288-0.325 (median 0.308), in males 0.275-0.326 (median 0.310). All males have constricted or divided nuptial pads and vocal sac openings at the corners of the mouth.
Comparisons
Males of Rana eschatia are most similar in size to those of R. labialis (Selangor) and R. parvaccola (Table 2 ), but females of eschatia are larger than females of those two (Tables 2 and 6 ). Rana eschatia also differs from those two species in the absence of black spots on the back and in having a wider head in both sexes (Tables 2 and 6 ). Rana eschatia is larger than R. raniceps (both sexes) and has a longer leg (T/SVL) and a smaller tympanum in males (Tables 2  and 6 ). Rana eschatia is smaller than R. megalonesa, R. rufipes and R. chalconota and differs from the latter two in the length of the tibia (T/SVL) and in the form of the nuptial pad, which is constricted or divided only in eschatia.
RANA RANICEPS (PETERS, 1871) (Previously referred to as Borneo Small morphotype)
Polypedates raniceps Peters, 1871: 580 -Sarawak. 
Rana raniceps
Descriptive notes
The head is triangular and the snout slightly projecting. Inside its rim, the tympanum is slightly depressed relative to the surface of the temporal SYSTEMATICS OF A SOUTHEAST ASIAN RANID FROG 135 region. The pineal body is faintly visible and is in line with the anterior borders of the upper eyelids. The skin of the back is granular and in males is set with many fine spinules. The hind limb is without crossbars in most preserved specimens.
Comparisons
This is the smallest member of the chalconota group, differing significantly (P Յ 0.001, both sexes) from all other species except males of parvaccola (see below) (Tables 2 and 6 ). It differs from the two species from Padang, West Sumatra (parvaccola and rufipes see below), labialis and co-occurring R. megalonesa (see below) samples in the low frequency of dark dorsal spots. The uncorrected pairwise sequence divergence between R. raniceps and the co-occurring R. megalonesa (see below) is 13.11-13.97% (Table 4) . This species is known only from low-lying areas of west-central Sarawak.
RANA MEGALONESA SP. NOV.
(Previously referred to as Borneo Large morphotype)
Rana chalconota (part) Boulenger, 1920: 201; van Kampen, 1923: 217 . 
Rana chalconota raniceps
Etymology
Specific name from megalo-, Gr., large, and nesos, Gr., island, referring to its distribution on the large island of Borneo.
Diagnosis
A large-sized member of the R. chalconota group; distinguished from other forms by combination of females usually > 50 mm, males > 35 mm; T/SVL usually > 0.56, HW/SVL usually > 0.30, DF3/SVL > 0.06; males with nuptial pad constricted or divided and with weak humeral gland discernible only upon dissection.
Description
Habitus moderately slender, head slightly wider than trunk, legs long. Head triangular; snout obtusely pointed, projecting beyond lower jaw, longer than diameter of eye; nostril on side of snout, closer to tip of snout than to eye; canthus angular, not constricted; lores concave, weakly sloping; interorbital wider than upper eyelid and wider than internarial; pineal body faintly visible, between anterior corners of upper eyelids; tympanum distinct, about two-thirds eye diameter in female, slightly larger in males, slightly depressed relative to surface of temporal region; vomerine teeth in short, oblique groups between choanae, distance between groups shorter than distance from choanae.
Fingers long, length of third finger equal to distance from rear of eye to nostril; fingers without webbing; second and third fingers with narrow, movable fold of skin on medial margins; tips of three outer fingers with wide discs, that of third finger about two-thirds diameter of tympanum in female, disc of first finger about half width of disc of second finger, all discs with circummarginal grooves; subarticular tubercles conspicuous, rounded; base of third finger with one or two supernumerary tubercles, bases of second and fourth fingers with one supernumerary tubercle. Tips of toes expanded into discs smaller than those of fingers, but with circummarginal grooves; webbing extensive, to base of discs on lateral margins of three inner toes and on medial margin of fifth, to base of disc on medial margin of fourth toe or between disc and distal subarticular tubercle; a narrow ridge of skin medially along first toe and a similar one along outer edge of last joint of fifth toe; a low, oval inner metatarsal tubercle and a distinct, round outer one.
Skin of back weakly granular with scattered colourless spinules in females; males with densely crowded, taller spinules on all dorsal surfaces including head and eyelid, similar spinules on lores; a distinct, but low dorsolateral fold; ventral surface of body smooth, weakly rugose at rear of abdomen; a ridge-like rictal glandular swelling followed after a narrow gap by a glandular swelling above the axilla.
Colour in preservative brown above and on sides, darker on side of head, upper lip white; many scattered dark spots on back and usually on head; ventral surfaces white, throat and chest with or without small dark spots; hind limb without dark crossbars in most preserved individuals; rear of thigh brown with faint, round lighter markings.
Measurements ( Frequency of constriction of the nuptial pad of males also varies. In frogs from eastern Sabah (three localities) the nuptial pad was constricted or divided in 22 of 28 males. The frequency of constriction in males from western Sabah (two localities) was five of 13. In males from south-eastern Sarawak (three localities) the frequency of constricted or divided nuptial pads was 24 of 51 individuals. The nuptial pad was constricted or divided in four of eight males from the Bintulu Division, west-central Sarawak.
Comparisons
The difference between this species and the cooccurring R. raniceps in size is striking. The mean SVL of males of R. megalonesa is roughly 10 mm larger than that of R. raniceps and the difference between means of females is almost 15 mm ( Table 2) . Individuals of Rana megalonesa that co-occur with R. raniceps differ from the latter in higher frequency of dark spots on the back.
Although it is a large form of the chalconota group, females of R. megalonesa are smaller than those of both R. rufipes (see below) and Javan R. chalconota and its males smaller than those of R. rufipes (Tables 2 and 6 ). In addition to the size difference, the new species also differs from R. rufipes in having a relatively larger tympanum (Tables 2 and 6 ) and in the form of the nuptial pad (not constricted or divided in R. rufipes). Both males and females of R. megalonesa are larger than those of R. labialis, R. eschatia and R. parvaccola (see below). Relative head width (HW/SVL) of R. megalonesa is larger than that of R. labialis and R. parvaccola. Relative width of the tympanum (TYM/SVL) of R. megalonesa is larger than that of R. labialis in both sexes (Tables 2 and 6 ).
The uncorrected pairwise sequence divergence between R. megalonesa and the co-occurring R. raniceps is 13.11-13.97% (Table 4) . 
RANA RUFIPES
Description
Habitus moderately slender, head slightly wider than trunk, legs long. Head triangular, slightly longer than broad; snout obtusely pointed, projecting slightly beyond lower jaw, longer than diameter of eye; nostril on side of snout, closer to tip of snout than to eye; canthus angular, not constricted; lores vertical, concave; interorbital wider than upper eyelid and wider than internarial; pineal body faintly visible between anterior corners of upper eyelids; tympanum distinct, about diameter of eye in females, slightly larger in males, inner portion slightly depressed; vomerine teeth in short, oblique groups, distance between groups equal to distance from choanae. Fingers long, length of third finger equal to distance from rear of eye to nostril; without webbing; second and third fingers with narrow, movable fold of skin on medial margins; tips of three outer fingers with wide discs, that of third finger three-quarters or more the diameter of the tympanum in females, disc of first finger about half width of disc of second finger, all discs with circummarginal grooves; subarticular tubercles conspicuous; bases of third and fourth fingers with one or two supernumerary tubercles, base of second finger with one; finger lengths 3 > 4 > 2 > 1. Tips of toes expanded into discs smaller than those of fingers, but with circummarginal grooves; webbing extensive, to base of discs on lateral margins of first three toes and on medial margin of fifth, medial edge of fourth toe fully webbed to just beyond the distal subarticular tubercle; narrow dermal ridge along medial edge of distal joint of first toe and along lateral edge of distal joint of fifth toe; a low, oval inner metatarsal tubercle, shorter than distance to subarticular tubercle of first toe; a distinct, round outer metatarsal tubercle.
Skin of back granular in females, in males granules tipped with colourless asperities or spinules; similar spinules present on lores in some males, the variation probably an artefact of preservation; a distinct, low dorsolateral fold; rear of abdomen rugose, rest of venter smooth.
Males with paired vocal sac openings on floor of mouth. Whitish, velvety nuptial pad on dorsal and medial surfaces of first finger, not constricted. The humeral gland is detectable only by cutting and folding back the skin of the upper arm.
Colour in preservative medium brown dorsally and on sides; side of head dark brown, upper lip white; dorsal surfaces with small dark spots; ventral surfaces of body whitish, unmarked; dark crossbars visible on hind limb only in a few individuals; ventral surface of webbing reddish, the colour fading in preservative.
Measurements ( 
Comparisons
Rana rufipes differs conspicuously from the form with which it co-occurs in West Sumatra, R. parvaccola (see below), in size, coloration of the webbing (Inger & Iskandar, 2005) , relative size of the tympanum (TYM/ SVL) and width of the disc of the third finger (DF3/ SVL) (see Tables 2 and 6 ). The uncorrected pairwise sequence divergence between R. rufipes and the cooccurring R. parvaccola (see below) is 14.75-14.93% (Table 4) .
Rana rufipes is one of the largest members of this species group, with males larger than those of any other form and females larger than those of any other except the Javan species (Tables 2 and 6 ). This new species has the relatively smallest tympanum in the group, differing from all except males of R. labialis in TYM/SVL (Tables 2 and 6 ). It is also the only member of the group in which the ventral surface of the webbing is reddish. 
Etymology
Specific name from parvus L., meaning small, and accola L., meaning neighbour, referring to its size relative to the co-occurring species rufipes. Diagnosis A small form of the Rana chalconota group, SVL of females < 45 mm, of males < 40 mm. Dark spots present on back. Nuptial pad of males not constricted.
Description
Habitus slender, head very slightly wider than trunk, legs long. Head triangular, longer than broad; snout narrowly rounded, projecting slightly beyond lower jaw, longer than diameter of eye; nostril on side of snout, much closer to tip of snout than to eye; canthus angular, not constricted; lores concave, weakly oblique; interorbital wider than upper eyelid, wider than internarial; pineal body visible, in line with front borders of upper eyelids; tympanum distinct, about two-thirds diameter of eye in females, larger in males; vomerine teeth in short, oblique groups, distance between groups equal to or slightly greater than distance between groups and choanae.
Fingers long, length of third finger less than distance from rear of eye to nostril; without webbing; second and third fingers with narrow, movable dermal fold on medial margins; tips of three outer fingers with wide discs, that of third finger about two-thirds diameter of tympanum in females, disc of first finger about half width that of second finger, all discs with circummarginal grooves; subarticular tubercles conspicuous; three outer fingers with a supernumerary tubercle; finger lengths 3 > 4 > 2 > 1. Tips of toes expanded into discs smaller than those of fingers, but with circummarginal grooves; webbing extensive, to base of discs on lateral margins of first three toes and medial margin of fifth, medial edge of fourth toe fully webbed to distal subarticular tubercle; narrow dermal ridge along outer edge of last joint of fifth toe and medial edge of last joint of first toe; a low, oval inner metatarsal tubercle and a distinct, round outer one.
Skin of back granular, those on back of males tipped with small, colourless spinules; similar spinules present on eyelid and lower portion of lores in males; a distinct, low dorsolateral fold; rear of abdomen rugose, rest of venter smooth.
Males with paired vocal sac openings on floor of mouth. Whitish, velvety nuptial pad on dorsal and medial surfaces of first finger, nuptial pad not constricted. A weak humeral gland detectable by folding back skin of upper arm.
Colour in preservative brown dorsally and on sides; side of head darker; upper lip lighter, but dusted with melanophores; dorsal surfaces with small black spots; ventral surfaces of body whitish, lightly dusted with melanophores; hind limb without dark crossbars in most individuals; ventral surface of webbing black.
Comparisons
Comparisons with the co-occurring species, R. rufipes, have been made under the heading of that species. Rana parvaccola is one of the smallest members of the chalconota group. The females are larger than those of R. raniceps, and R. parvaccola differs from the latter species in higher frequency of dark spotting on the back and in absence of constriction of the nuptial pads. Females of R. parvaccola are smaller than those of R. labialis and R. eschatia (Tables 2 and  6 ). Relative tympanum diameter is larger in R. parvaccola than in Selangor labialis. Both sexes of this species are smaller than those of the larger members of the group -R. chalconota, R. megalonesa and R. rufipes. The uncorrected pairwise sequence divergence between R. parvaccola and the co-occurring R. rufipes is 14.75-14.93% (Table 4) .
DISCUSSION
The morphological and molecular data sets and the co-occurrence of distinct forms provide evidence that the concept of Rana chalconota as a single, widespread species (as in Boulenger, 1920; Frost, 2006) must be rejected. Similarly, for the same reasons, the concept of this group as a set of two or three forms consisting of chalconota, raniceps and labialis (whether as species or subspecies) (van Kampen, 1923; Inger, 1966; Iskandar & Colijn, 2000) does not fully reflect the diversity seen in this group. Instead the present data suggest that this is a complex of at least seven species in Sundaland -one in Java and southern Sumatra [R. chalconota (Schlegel) ], two partially co-occurring in Sarawak, Borneo [R. raniceps (Peters) and R. megalonesa described herein], two partially co-occurring in West Sumatra (R. rufipes and R. parvaccola, described herein), at least one and possibly three partially co-occurring in Peninsular Malaysia (R. labialis Boulenger and one or two unnamed species) and a species in southern Thailand (R. eschatia, described herein). Additionally, at least one species in this complex occurs in Sulawesi (R. mocquardii). The unnamed lineages in Peninsular Malaysia remain so because, in one case, the morphological evidence is weaker and less convincing than the molecular evidence, while in the second case, we have had available only two specimen vouchers, thus making it difficult to provide a satisfactory, convincing morphological diagnosis. We assume that other workers will collect specimens of these mitochondrial lineages from the northern portion of Peninsular Malaysia and will then be able to assess their taxonomic status more adequately.
A series of hypotheses concerning the distribution of the frogs of Sundaland (Inger & Voris, 2001) suggested that, for species occurring in Peninsular Malaysia, Sumatra and Borneo, intraspecific variation would be less for Malay Peninsula/Sumatra and Malay Peninsula/Borneo pairs of populations than for Borneo/Sumatra pairs. However, the Rana chalconota group, with pairs of sympatric species on each of these land masses, indicates the geographical relationships, at least for this complex, are much more complicated. Describing the historical, geographical relations of the species within this complex is also hampered partly because significant portions of the likely range of this species group are not represented in the samples available to us. In particular, the absence of samples from the eastern, low-lying parts of Sumatra, the lowlands and hilly areas of south-eastern Borneo and the southern lowlands of Peninsular Malaysia have prevented the present investigation from providing an entire view of the species. At the very least, material from those areas will round out the pattern of variation in the species group and provide insight into geographical relationships.
The northward extent of the known distribution of the R. chalconota group is approximately 10°N (Ngao Falls National Park 9°56′N) where R. eschatia occurs. We have searched for it but have failed to find it at 11°43′N (Huai Yang National Park) and 12°42′N (Kaeng Krachan National Park) in suitable habitats. Woodruff (2003) noted a change from wet seasonal rain forest to mixed deciduous forest just north of the Isthmus of Kra at 11-13°N and he also pointed out that at 10°31′N there were no 'dependably dry months' whereas a dry period of 3-4 months occurred at 11°50′N. It appears that the R. chalconota group is limited by the northern extent of perhumid forest.
The occurrence of R. raniceps in swamp forests in Sarawak suggests that dispersal of some lineage(s) among present land masses may have been possible during Pleistocene recessions of the sea (Voris, 2000) . Peat swamp forests were relatively common on exposed portions of the South China Sea (Hanebuth, Stattegger & Grootes, 2000) as they developed behind mangrove forests (Anderson, 1964 ) that advanced and retreated with changes in sea level. If this were, in fact, the pattern during the Pleistocene, undiscovered representatives of this species group in eastern Sumatra and the lowlands of southern Peninsular Malaysia may be closely related to R. raniceps. Another relatively recent event is the barrier to gene exchange between the Sumatran and Javan populations of R. chalconota, which, based on changes in sea level (Voris, 2000) , could have occurred as recently as 8000 years ago.
The fact that none of the pairs of species from a single land mass consists of species that are each others' sister species provides reason for assuming multiple dispersals or multiple vicariant events among land masses. Rana parvaccola from West Sumatra, for example, is the sister species of the Thailand form, R. eschatia, but is distantly related to the partially sympatric R. rufipes (Fig. 2) . Rana raniceps in Sarawak is distantly related to the partially sympatric R. megalonesa, which is the sister lineage to one consisting of R. labialis (Peninsular Malaysia) and R. parvaccola (West Sumatra). The two unnamed lineages in northern Peninsular Malaysia are also very distantly related. The timing of these implied dispersals is far from clear. The molecular phylogenetic analysis suggests two biogeographical sets of species that diverged early in the history of the chalconota-group: a Borneo-Java-Sumatra subgroup (raniceps-chalconota-rufipes) and a BorneoSumatra-Malay Peninsula sub-group (megalonesalabialis-eschatia-parvaccola-unnamed peninsular lineage). The most recent land connections available among sub-group members for each of these were during the Pleistocene sea recessions. However, as the phylogenetic separation of these two sub-groups appears to be quite deep (Fig. 2) , their divergence probably pre-dates the Pleistocene. Borneo and the Malay Peninsula had broad land connections through most of the Cenozoic (Hall, 1998) and remained approximately at their present latitude throughout that interval (Hall, 2002) . The land mass they formed is the most likely place of origin of the chalconota group as both Sumatra and Java experienced subsidence and reduction to small islets during the Miocene and had only tenuous connections with the BorneoMalay block between the end of the Oligocene (25 Ma) and the Pleistocene sea regressions (Hall, 1998; Voris, 2000) . Morley (2000) indicates the existence of rain forest, the vegetation type in which the R. chalconota group is prevalent, from the latest Early Miocene into the Pliocene in the areas of present-day Borneo and Malaya.
Had the raniceps-chalconota-rufipes subgroup been in existence and widespread during the Miocene, the reduction of Sumatra and Java to fragmented parcels of land would have isolated these populations and provided opportunity for local genetic differentiation.
We postulate the widespread distribution of the ancestor of the clade encompassing eschatia, labialis, parvaccola, megalonesa and unnamed northern Peninsular Malaysia in rain forests of the southern part of the mainland peninsula, Borneo and the western range of Sumatra in pre-Quaternary times. The savannas caused by the deterioration of climate accompanying the northern glacial episodes in the Pleistocene (Morley, 2000) fragmented this distribution, forcing populations into the remaining rain forest areas postulated by Morley (2000) in northern Borneo and western Sumatra. Isolated minor refugia in sheltered valleys may have persisted elsewhere (Gathorne-Hardy et al., 2002) on the continental peninsula. The restriction of the chalconota group now to areas south of present-day seasonal climates suggests that Pleistocene populations may have been similarly restricted so that, despite the broad land connections available during the periodic sea regressions of the Pleistocene, the geographical fragmentation we see today in this clade was maintained.
The results of this review, like those of several other ranids of Southeast Asia, e.g. the Odorrana livida group (Bain et al., 2003; Stuart et al., 2006) , suggest that current views of species diversity of the forest frogs of this floristically and geologically complex region are serious under-estimates. Application of molecular techniques to other widespread 'species' is likely to expose co-occurring taxa that, once separated by molecular genetics, will also be seen to differ morphologically. Changes of this nature in our views of species diversity and distribution are likely to affect our views of historical geographical relationships, to stimulate ecological investigations and to have implications for conservation. 
APPENDIX
